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A STUDY OP THE EFFECT OP LUBRICATION OK 
THE DYNAMICS OP SPINNING SPINDLES 
INTRODUCTION 
Successful and economical spinning operations depend 
to a large extent on the satisfactory performance of spindles. 
Despite the introduction of numerous refinements, the 
principal parts remain analogous to the ones used in the 
nineteenth century, yet the modern trend toward high spindle 
speeds and large packages has aggravated the interrelated 
problems of power consumption, vibration, and lubrication. 
Investigations on these problems have been made in recent 
1 
years by several authors or organizations. These studies, of 
value to mill operations, were conducted chiefly on the 
existing spindle designs by the sup])liers of lubricants, and 
the information furnished is experimental only. In regard to 
work on actual design, attention has been concentrated on the 
dynamics and balancing without due consideration of the effect 
2 
of the lubricants involved. 
1. "Textile Machinery Lubrication*, Lubrication. Vol. 
16, pp. 13-24, 1930. "Spindle Design and Function of Spindle 
Oils*, Lubrication. Vol. 23, pp. 25-31, 1937. "Vibrating 
Spindles: Causes and Cure*, Textile World. Vol. 89, pp. 76-7, 
1939. P. S. Jones and S. P. Marley, "Textile Spindle Perfor-
mance Characteristics", presented at annual meeting of A. S« 
L. E., April, 1948. 
2. Y. Sakurai, »The Study of Form to Decrease the Vibra-
tion of High Speed Spindle in Cotton Spinning Machine", Soc. 
of Mech. Engrs., Japan -Transaction. No. 9, pp. 529-31, 1936. 
1 
The purpose of this study was to set an example for 
the combination of a theoretical study of dynamics as involved 
in fundamental design and the evaluation of experimental 
results in the interrelated factors such as speeds, vibration, 
lubrication, and power consumption, the study of oil throwing 
being secondary. The experiments were made on sleeve bearing 
spindles which are now extensively used in mills. 
BiraSl MENTAL WORK 
Experiments were made on a modified long-draft spin-
ning frame of 36 spindles, set for producing 22s warp yarn 
from 4-hank roving of middling cotton so as to obtain actual 
operating conditions. A continuous run of two doffs was made 
with the spindles running at speeds of 4,100, 6,900, 8,100, 
9,600, and 10,600 R.P.M. with each of the six grades of oil 
of different viscosity as listed in Table I. The letter 
designations from this table are employed in all of the 
diagrams, for simplicity. In Jigs. 1, 2, 3, and 4, the general 
appearance of the apparatus is shown. 
Power was measured with a dynamometer equipped with ball-
bearing axles on which the driving motor was mounted, as shown 
in Fig. 1. Readings of the dynamometer were recorded (summarized 
in Table II on page 44), on the following operations: (a) Running 
the drafting system at various speeds, (b) Running the drafting 
system and spindles at various speeds, and (c) Running the 
drafting system and spindles spinning at various speeds. There-
fore, from these data, the power for driving an individual 
spindle was calculated, with the secondary purpose of showing the 
power distribution on the spinning frame (Pig. 5). The power-
speed curves in Fig. 6 were obtained from those in Fig. 5, con-
verted to watts in order to get a larger scale for comparison. A 
constant check and recording of spindle speeds, cylinder speeds, 
and motor speeds was made by using the strobotac shown in Fig.4. The 
3 
TABLE I 
VISCOSITY OF SPINDLE OILS USED IN K P K U O B I 3 
Designation 
Saybolt Universal Vii scosity 
70°F I 100°F 130°F 210°F 
A 103.7 63.5 
1 
48.2 35.3 






240.0 109.9 68.3 40.0 
D 300.0 131.2 
\ 
77.0 41.6 
E 329.0 143.5 82.3 42.4 
I 452.0 186.5 98.0 45.2 
3. Courtesy of the Texas Co. 
FIG. 1 SPINNING FRAME AND DRIVE, WITH DYNAMOMETER 
AND CHANGE PULLEYS 
6 
PIG. 2 SPINDLE, BOLSTER, AND MODIFIED BOBBIN 
FOR VIBRATION MEASUREMENT 
7 
FIG. 3 ELECTRIC CIRCUIT AND MICROMETER USED 
FOR MEASURING VIBRATION OF SPINDLE 
FIG. 4 THERMOCOUPLE CONNECTED WITH POTENTIOMETER FOR MEASURING OIL TEMPERATURE 
AT SPINDLE BASE. STROBOTAC AT LEFT WAS USED FOR MEASURING SPINDLE SPEED 
09 
average percentage slip of the spindle drive was plotted as 
shown in Fig. 7. 
The amplitude of vibration or wobble (see page 29) 
was measured by an electric circuit and micrometer, as shown 
in Fig. 3. Measurements 7/ere made by electrical contact 
between the micrometer point and a metal, collar mounted on 
the tip of the bobbin. The metal collar of thin brass sheet 
was grounded on the spindle. Electric current was transmitted 
from the spindle to the metal brush located on the bolster 
rail and, in turn, to the indicating bulb. Readings were 
taken with the spindle rotating at specified speeds and at 
rest, and the difference between these two conditions was 
taken as the amplitude at the tip. Data were taken at empty 
bobbin, at half full bobbin, and at full bobbin. The spindle 
located at another position on the bolster rail was trans-
ferred to the position shown in Fig. 3 to get average values 
of amplitude of vibration. The same bobbin was used for all 
measurements. Diagrams were plotted from the data obtained, 
in Figs. 9 to 14 (inclusive). 
The temperature of the bearing oil was measured near 
the end of each test run by a copper-constantin thermocouple 
connected with a potentiometer, as shown in Fig. 4. The 
average temperature rise from room temperature (80 to 95 F, 
as recorded) was plotted against spindle speed for different 
oils, as shown in Fig. 8. 
10 
Sample bobbins were taken after each doff and observed 
under ultraviolet light for oil stains. Oil throwing was 
quite evident at spindle speeds of 6,900 R.p.M. and up with 
various oils when the oil well was first filled. The net 
effect was to make the floor and bolster rail oily. Only 
negligible oil staining of the yarn was observed with oil 
lighter than 109.9 S.U.V. at 100°P and at spindle speeds 
above 8,100 R.P.M. While oil throwing was observed during 
the first hour after filling the oil well, no throwing was 
observed after the oil level dropped to a certain height, 
this height being higher for oils of higher viscosity and 
lower for oils of lower viscosity. 
The eccentricity of the assembly of yarn, bobbin, and 
spindle was obtained by balancing this assembly along a pair 
ot tempered steel straight edges which was well levelled, 
using pieces of wax stuck over the outer surface of the 
bobbin to obtain a complete static balance. This wax was 
then carefully removed and weighed, and the eccentricity was 
calculated by use of the following equation: 
M • e • m • r, 
where M is the weight of the whole assembly, e is the eccen-
tricity, m is the weight of wax required for balancing, and 
r is the radius of the bobbin. In this experiment, M was 
225.35 grams, r was 11.75 mm., and the average weight of m 
was found to be 1.014 grams. Therefore, e was equal to 0.053 mm. 







A cross-sectional view of the spindle and bobbin 
shown in Fig. 2 is shown in Pig. 15. This spindle has a 
weight of approximately 9 oz. and is supported at points A 
and B by the sleeve and footstep bearings. The bobbin weighs 
2 oz. and is supported at C; at full bobbin, as shown in Pig. 
15, the yarn weighs 2 oz. This small rotating body has 
brought about a problem of vibration due to the high speed of 
operation, not unlike that occuring in the operation of a 
steam turbine. The gyroscopic effect should be considered, 
also, in the analysis, since this is a case of ̂ overhung disc"* 
construction. 
The assembly was redrawn in Pig. 16 to facilitate 
analysis. The spindle is assumed to be composed of two parts 
of different diameters D1 and D^, and is supported at bearings 
A and B instead of the tapered bolster and footstep bearing 
shown in Pig. 2. It is also assumed that spindle portions AB 
and BC are flexible; that bobbin H does not offer resistance 
to deflection of spindle, and is supported at c with a com-
paratively long bearing surface; that AB has negligible mass; 
2 
and that one half of BC from C, bobbin H, and the yarn G 
have their center of gravity at 0, having an eccentricity e 
(Pig. 17) from the geometrical axis, ihe whole mass may be 
4. J. P. Den Hartog, ^Gyroscopic Effect**, Mechanical 
Vibrations, -pv 317-23, 1947. A. Stodola, «"The Overhung Disc*, 
Steam and Gas Turbine. Vol. 1, pp. 432, 1927. 
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20 
considered as a disc at 0, The deflection curve in Pig. 17 
shows the effect on deflection h and angle </> made by the 
disc with respect to the horizontal plane due to the combined 
effect of centrifugal force P and gyroscopic moment M, which 
can be separated into a and jrf due to centrifugal force P, 
P P 
and £ and fi due to gyroscopic moment M. 
/* 2 
P = m ( S + e ) o > a centrifugal force at 0, 
2 
and M = 1, f& yd = gyroscopic moment about 0, 
where m * m_, 4 m 4 m = rotating mass at 0, 
I, = moment of inertia of the body about one of its 
diameters, 
& = deflection at 0, 
fi = angle of the disc with respect to the horizontal 
plane, 
and i*> s angular velocity. 
Referring to Pig. 17, i = Sp 4 dM = p-ĵP * p^M 
or £ = p ^ (S+e) dO * P 2
I
d ^ , (1) 
and 4> = ^p + **M • q-̂ P + q̂ i 
c ? 2 
or ^ B q^ (A4e)a> 4 q2Id^ (o J (2) 
2 
where pn = deflection per unit centrifugal force 
= W^¥l * L2Ii3 " L2L3) + JB^I^S * 3̂ 1*3 
- ^LgLj), 
P2
 = deflection per unit gyroscopic moment 
= angle of deflection per unit centrifugal force 
21 
I 
* ",S^(*L2 ~ L2L3) " EL^3L1L2 " f-1*^* 
qg s angle of deflection per unit gyroscopic moment 
= JLr _ JJin . 
EI2 2 JBS-J? ' 
I, = moment off inertia of cross-section D, - "r??& * 
+ i. o4 1 
I2 = moment of inertia of cross-section Dp « ra)l, 
£ = modulus of elasticity of the material (steel), 
and L-,, L2> I», represent dimensions shown in Pig. 16. 
Upon solving Equations (1) and (2) for §, 
£ - " e**2((Plq2 : p2ql> V ^ 2 " Plm] 
{*l*#»*t%l}lt*t& - (Pxm - q2Id)fc? 4 * 
It can be seen that when the denominator of Equation (3) is 
equal to zero, i.e., 
(p1q2 - v2
q±)1dm(*)i * (pim • ^ d ^ 2 * 1 = °» {4) 
a resonance condition is established. Therefore, upon solving 
Equation (4), which is a qudratic equation, two values of u* 
and t̂v , namely, the first and second critical speeds, can be 
obtained because, from practical considerations, there are 
2 
two real positive values for uJ which satisfy the equation. 
On the other hand, for minimum vibration, either equals to 
zero, in which case the spindle is at rest; or 
( V^2 " p2ql) Id m^ 2 " pl m ~ °» 
which, on being solved, gives: 
22 
Equation (5) is the condition when the gyroscopic moment 
balances the moment due to centrifugal force. However, the 
absence of vibration of point 0 at tor, theoretically, is a 
state of unstable equilibrium; thus, having very little 
significance. Equation (3) can be written as: 
c - e^>2(u)2 - «JQ2) 
7~2~ 277~2 ~27 * (6> 
Prom Equation (6) the resonance diagram can be plotted as 
shown in Pig. 18(a) in which the phase relation is clearly 
shown. The shapes of spindle vibration are shown in Pig. 
18(b) as interpreted from the resonance diagram. Yet, the 
diagram shown in Pig. 18(a) is the resonance diagram for the 
"absolute motion* which cannot be measured by the kind of 
apparatus used in this experiment. Since the amplitude of 
vibration is of main interest in this study, the phase relation 
may be disregarded and the resonance diagram can be replotted 
as in Pig. 18(c) in which the ^relative motion* of the system 
is shown; the values of amplitude represented by the orainates 
5 
being those which can possibly be measured. This also explains 
the continuity of the resonance curve from actual measurement 
since the deflection, even at critical speed, remains finite 
due to friction. The minimum amplitude of vibration between 
5. J. P. Den Hartog, "Undamped Porced Vibrations*, 
Mechanical Vibrations, pp. 59-61, 73, 1947. 
6. A. Stodola, "Effect of Resistance to motion*1, Steam 
and Gas Turbine, Vol. 1, pp. 428-9, 1927. 
li 
23 
the first and second critical speeds occurs when £ = -e, 
which is the condition that occurs when the center of gravity 
coincides with the vertical axis; i.e., 
2 2 
-• 0) [(3?iq2 " P2ql^Idmi° " p l m J 
i - (Plm - a2id)af +(p1q2-p2
(i1)2:d
m^4 
2 1 - 2 which, upon being solved, gives ai = — j - Ul • (7) 
<_ ci 
The following calculation, using the values listed 
below, is made on the system shown in Pigs. 15 and 16 to 
obtain the numerical values which are compared with experi-
mental data in the following section. All dimensions are 
expressed in c.g.s. system for simplicity in calculation. 
P 2 = i (0.73 + 1.05) * 0.89 cm. 
D-L a i (0.90 * 0.64) » 0.77 cm. 
1 0 = & 0.89
4 * 30.4 x 10"3 cm! 2 64 
1 1 = ^ 0.77
4 = 17.0 x 1®""! cm! 
12 2 E = 2.06 x 10 gms./cm. for steel. 
m„ = 65.90 gms., m = 54.35 gms., m * 36.5 gms. 
m = m_ 4 m__ -f m_. • 156.8 gms. 
Q U I 
2 
I, = 4765 gms.-cm. 
d 
L-L » 10.28 cm., L 2 - 19.90 cm., L^ « 4.91 cm. 
P l = 40.41 x 10~
9, p 2 = qx = -3.052 x 10~
9, 
q2 - 0.416 x 10~
9. 
Upon substituting the above values into Equation (4), 
5.6xlO~12u/ - 8.668 xl0"6iy2 + 1 = 0 , 
W\h:M mmm -..v tZtftt&ttP. tz: i f i f f i ?*a fl I t itft'Mr tt»:7::fr#6 *Hi 
r 
^ f : 
3wmt: tEt m j ' +t- - H I T ^ 
/ * - < * 
iBTtt 
• -
. . . , . [ 
• + U J 
HT 
T - - T TT: Hf t f ^ 'V^ * t „ ^ ^ t ^ ^ f ^ : . 
W+L& i £ ^ B ^ j - ^ n i t - r — 
-irrptt 
. o 
• : - • • 
.,ir 55*i^*vs4if^r 
u t l atnl 
- J 
K - i i ^ ^ :-!&m&£ 
# j rv : ^BT? 
t u : : si m Wk mm 










which, upon being solved y i e l d s 
w
2 = 0.1265 x 10 6 or 1,421 x 1 0 6 , 
(^ • 356 r a d . / s e c , C02 m 1194 r a d . / s e c , 
Hx * 3042 R.P.M., and N2 » 11,420 H.P.M. 
2 6 
Also, from Equation ( 5 ) , (*)' " 1.132 x 10 , 
toj£ «* 1064 r a d . / s e c , and Nf* 10,170 H.P.M.; 
? 6 
and, from Equation (7 ) , lO * 0.422 x 10 , 
&v = 650 r a d . / s e c , and N = 6210 H.P.. o o 
The equation representing the resonance curve is; 
ft - ̂  ^ - ̂  | X°6> , (8) 
(l* - 0.1265x10 ) (id * 1.421x10 ) * 
The diagram plotted is shown in Pig. 18(a), assuming e = 0.10 
mm., and is rectified as shorn in Pig. 18(c). 
As the measurement of amplitude of vibration was made 
at the tip of the bobbin, which is 11.0 cm. from 0, the center 
of gravity of the system, further analysis is necessary to 
determine the resonance curve at the tip; this data being 
desired for convenience of comparison in the next section. It 
can be deduced from Pig. 17 that: 
D = Reflection at tip • S - #. , (9) 
where L a distance from 0 to tip • 11.0 cm. 
Prom Equation (2), 
q m (S * e) «02 
, - -1 
1 - q2Id 10-
27 
. -0.478 xl(f6($ 4 e)^2 ( 1 Q ) 
1 - 2.328 x 10~6(AJ2 
The diagram shown in Fig. 18(a) is plotted again in Fig, 19(a) 
in dotted line with the value of j&L superimposed vectorially 
as shown in full line. Neglecting the phase relations, the 
resonance diagram shown in Fig. 19(b) represents the theore-
tical value of amplitude that can "be measured at the tip, 
DISCUSSION 
Factors affecting vibration. To facilitate discussion, 
all the following factors affecting vibration should be 
7 
considered: 
1. The oil in the spindle base outside the bolster 
acts as a shock absorber to keep the vibration of the spindle 
from being transmitted only to the bolster rail, and the 
slight movement of the bolster permitted by this construction 
does not in any way affect vibration of the spindle itself 
under steady condition of operation. 
2. The bobbin is attached to the spindle blade by a 
push fit, yet due to the small mass of bobbin and yarn (4 oa. 
in this experiment) as compared with the whole spindle (9 oz.), 
the internal hysteresis of this system is not sufficient to 
excite whirling even if slippage occurs, and any slippage 
tends to damp down torsional vibration only. 
3« Since there is a copious supply of oil due to bath 
lubrication, oil whip does affect the amplitude of linear 
vibration. 
4. The pull of the driving tape is at the center of 
upper bearing and, therefore, does not affect linear vibration. 
7. J. P. Den Hartog, "Internal Hysteresis of Shafts 
and Oil-film Lubrication in Bearings as causes of Instability", 
Mechanical Vibrations, pp. 361-6, 1947. A. L. Kimball, "Shaft 
Whirling due to Internal Friction and Oil Action in Journal 




Slippage of the driving tape around the whorl £ends to damp 
down the torsional vibration as a case of "Friction Damper*. 
5. Due to the effective damping towards torsional 
vibration, it is not considered in this study; besides, even 
large torsional vibration does not affect average power 
consumption of the spindle. 
Therefore, the only factor which tends to affect the 
amplitude of linear vibration is the oil whip. Although oil 
whip is not a damping or friction phenomenon, dry friction 
due to incomplete lubrication has been proved to be sure to 
court bad whirling. The net effect due to complete lubrication 
remains to be determined for each individual case. The so-
Q 
called '•wobble* is in reality the mechanical vibration 
either excited or damped by the action of oil. The power 
consumption is affected by the linear vibration because the 
bearing pressure is affected by the deflection. 
Vibration as affected by oil. While the apparatus 
used in this work lacks refinement, it does provide a means 
for explaining the fundamental theories. To show" the effect 
of lubrication on vibration, the amplitudes of vibration of 
the tip at full bobbin that occurred when various lubricants 
were used, were converted to the amplitude of point 0 as 
8. F. S. Jones and S. P. Marley, ^Textile Spindle 
Performance Characteristics*, presented at annual meeting 
of A. S. L. E., 1948. 
30 
shown in Fig. 16. The ratio of the amplitude of 0 at a given 
speed, as shown in Fig. 18(c), to the amplitude of the tip 
at the same speed, as shown in Fig. 19(b), was used as the 
converfeion factor at each speed. The estimated values were 
plotted in Fig. 20 together with the calculated resonance 
curve for an eccentricity of 0.053 mm. which is shown by the 
dotted line. Although the curves are not sufficiently refined 
Q 
to obtain such numerical values as damping constants, it 
can be seen that the damping effect is also "variable for same 
oil at different speeds and different operating temperatures 
(Fig. 8). By comparison of the amplitudes shown in Fig. 20, 
it can be seen that the damping effect of the heavier oils 
toward vibration is more pronounced when the spindle is 
operated near the critical speeds, while at the speed near 
the speed of minimum amplitude of vibration, the damping 
effect is very slight. Similar comparisons can be made on 
the amplitude of vibration when the spindle is operated at 
half full and empty bobbin. As vibration can be expected to 
decrease as the rotating mass becomes smaller, these conditions 
were not included in this investigation. 
Power consumption and oil viscosity. The series of 
curves in Fig. 6 on page 12 shows that power consumption 
9. j. p. Den Hartog, *Free Vibration with Viscous 
Damping*, Mechanical Vibrations, pp. 51-7, 1947. 
31 
increases when a heavier oil is used, as compared with that 
when a lighter oil is used. This phenomenon is substantiated 
by the higher bearing oil temperature when a heavier oil is 
used instead of a lighter oil (Fig. 8) which means larger 
quantity of heat generated by friction and therefore a waste 
in power, and the higher percentage slip of tape drive when 
a heavier oil is used due to greater fluid resistance as 
shown in Fig. 7. The increased fluid friction of a heavier oil, 
of course, means a greater friction torque to rotation, but, 
also, reduces the efficiency of the tape drive, thus making 
the power consumption still higher. For the same oil, percen-
tage slip is higher when the spindle is operated at a low 
speed than at a high speed, thus the driving efficiency was 
less at low speeds. Without considering these factors, for 
film lubrication, which was the operating condition through-
out this study, power consumption is proportional to the 
square of the operating speed. However, this statement is 
based on the condition that the lubricating oil is assumed 
to be a "Newtonian liquid* which is far from the actual case, 
as all oil thins out at the temperatures resulting from the use 
of relatively high speeds. Therefore, a power-speed curve of 
such a shape that has less curvature than a parabola may be 
assumed if the increase in bearing pressure due to larger de-
10." J. L. Clower, * Fundament ails of Lubrication1", 
Lubricants and Lubrication, pp. 163-8, 1939* 
32 
flection be neglected. In the study of some authors, the 
Q 
power-speed curve is a straight line. The actual case 
should be something intermediate between the two. Yet, it 
can be seen in Pig. 6 that the curvature of the power-speed 
curves of different oils is even greater than that of a 
parabola. The only factor that can be responsible for this 
fact is the different amplitude of vibration at different 
speed which affects the bearing pressure which is increased 
by increased deflection. The power-speed curve of oil A in 
Pig. 6 is redrawn in Pig. 21, together with a parabola and 
a straight line tangent to this curve. The parabola is rep-
resented mathematically by the equation: 
P = 0.1055 x 10""6N2, 
where P is the power in watts and N is the JrUP.M. of the 
spindle. As stated previously, without vibration the experi-
mental curve should be intermediate between the parabola and 
the straight line. To be conservative, assume the straight 
line relation be the case. The difference in ordinate between 
the experimental curve and the straight line, shown shaded in 
Pig. 21, is the power consumed due to linear vibration. Of 
course, this method of analysis has very questionable accuracy; 
however, it is very interesting to notice the similarity of 
the curves of po?/er consumed due to vibration as shown in 
Pig. 22 to the resonance curves shown in Pig. 20. Due to 




lighter oil, the power consumed due to vibration in the case 
of heavier oil which has less amplitude as shown in Pig, 20 
is more than that of the lighter oil. The curves of percen-
tage increase in power consumption from the straight line 
relation which are shown in Pig. 23 explains the fact that 
while the amount of increase is larger in the case of 
heavier oil, the percentage increase, on the whole, is less 
due to damping characteristics of heavier oil. It is to be 
remembered that the curves in Pigs. 22 and 23 only serve to 
assist in interpreting the theory regarding power consump-
tion and their numerical values can by no means be considered 
as having any significance. 
Another fact that is worthy of consideration is the 
large percentage of power required to drive the spindle as 
compared with other machine parts of the spinning frame 
(Pig. 5). The spinning frame used in this experiment has 
only 36 spindles. With spindles driven at 4,000 R.P.M., using 
spindle oil A, 55$ of the 0.53 total horsepower was required 
to drive the spindles; at 9,000 R.P.M., 47.5$ of 0.86 total 
horsepower was required; while in the case of a regular 256-
spindle frame, at 4,000 R.P.M., 90$ of the 2£ total horsepower, 
estimated according to the curves of power distribution as 
shown in Pig. 5, will be consumed in spindle drive, and at 
9,000 R.P.M., 87$ of the 3i horsepower estimated will be con-
sumed. However, using spindle oil C, for a 256-spindle frame, 
36 
at 4,000 R. P.M., 91$ of 2.6 total horsepower estimated will 
be required in spindle drive, and at 9,000 R.P.M., Q9% of 
4.2 total horsepower estimated will be required in spindle 
drive. This illustration shows the importance of selecting 
proper oil for spindle lubrication which affects greatly the 
power consumption of the spinning frame and, thereby, the 
power consumption of the spinning department, which, in turn, 
requires the largest percentage of power of a whole mill. 
Oil throwing, though not serious in staining the yarn, 
wastes oil and tends to make the floor slippery. It should be 
obviated, not only for the sake of obtaining perfection, but 
for the reason that straight mineral oil, which has been 
found to be the only practical substance for use in lubricating 
12 spindles, cannot be removed from yarn in finishing process. 
Oil throwing is mainly a result of using more oil than is 
necessary for lubrication and the height of the spindle base 
can retain under operating conditions. 
11. "Textile Machinery Lubrication*, Lubrication, No 
2, Vol. 16, pp. 13-24, 1930. 
12, *Spindle Design and Function of Spindle Oils*, 
Lubrication. No. 3, Vol. 23, pp. 25-31, 1937. 
CONCLUSIONS 
Prom the results of this study, it is concluded that: 
1. There is a narrow optimum speed range for minimum 
mechanical vibration for each design of spindle; the presump-
tion of Y. Sakurai that a spindle should be operated at 
speeds ±15% away from its critical speed is necessary 
but not sufficient. 
2. Linear vibration of a spindle is affected by the 
lubricating oil used; greater damping effect can be expected 
by employing heavier oil when operating at near critical 
speeds, yet the damping effect is not obvious when operating 
near optimum speed, 
3« Power consumption for driving a spindle is much 
greater when heavier oil is used, hence, all aspects of 
introducing a heavier oil for the purpose of damping down 
vibration should be considered. 
4. Power consumption for driving a spindle Is greater 
when operating near critical speed than it would be if 
vibration were absent. 
5. Oil throwing is mainly the result of using more 
oil than is necessary. 
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RECOMMENDATIONS 
Since it is impossible to manufacture a spindle or 
bobbin of zero eccentricity, it is recommended that in addi-
tion to checking for the critical speeds, adjustment of the 
shape should be made so that the designed speed be the 
optimum operating speed. The use of heavier oil for operating 
near critical speed is an expensive project and should be . 
avoided. Therefore economical operation can be obtained by 
operating the spindle at optimum operating speed using the 
lightest oil just sufficient for maintaining film lubrication. 
The height of the oil tube should be just high enough 
to retain sufficient oil for lubrication, yet not to cause 
oil throwing. The location of the doffer guard should be a 
secondary consideration, 
Although this study was made on sleeve bearing 
spindles for cotton spinning, similar studies can be made on 
spinning spindles for other fibers and for twister spindles, 
as the principle of operation remaiiis the same. The principle 
of lubrication is different in case of ball or roller bear-
ing spindles; however, similar analysis as to design for the 
optimum operating speed would be advantageous regarding 
i 
smooth operation and power saving. 
This study has produced an idea for the development 
of a single standard oil for spindle lubrication. With larger 
or smaller packages which require larger or smaller driving 
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power and thereby impose larger or smaller forces at the 
bearing, the diameter of the journal of the spindle can be 
altered, not for the sake of strength and rigidity of the 
spindle alone, but with due consideration of bearing pressure 
to maintain sufficient oil film when that particular standard 
spindle oil is used. This endeavor should of course be made 
by spindle manufacturer. The result obtained may lead to more 
efficient and simplified spinning room operation. 
It is also recommended that further work be done with 
spindles of various sizes. In further studies of the vibration, 
the use of two micrometers mounted on a calibrated yoke with 
two different electrical systems will give more accurate 
results. Also,a seamless collar for the purpose of grounding 
electric current should be mounted on the bobbin for 
obtaining better accuracy. 
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EQUIVALENT OILS BY DIFFERENT PRODUCERS 
FOR SPINDLE LUBRICATION 1 3 
45 
Viscosity, S.U.V. at 100Op{50-60 
A* S. M. E. No. 5 







Velocite E D B 
Vacuoline 
o i l Medium 
S i n c l a i r L i l y White ' D S i n t u r - I „ , 
I l i t e o d C o r dym o 
N.Y.and N.J. \ Non-fluid oil 
Lubricant Co.! N.F.O.Spindle 1194! 124 
oil 
154 1150 200.2 
Eiske Spindle oil LM H XH 
Harris Spindle oil 5St haTH H«« H. S. IHeayy 
acemaker Pacemaker 
No. 1 I No. 2 
13. "Correct Lubrication Essential to Production 
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